1 

-efc5o iii-vmmtn^^mi^t i^x^ mt:^]}^^. (gen) , mtT^^^^=^C'J>>:>^v 

^M. (A 1 G a N) . m.it^ l^'y^ J>,-^^) ^ (InGaN) . ^^k-T V i>. T 5 ^ 
^J^-)S^)'^h. (InAlGaN) ^^i^ffiV^ b^T ;5o A 1 G a N i: G a N <b 

rr-e. AlGaN-bGaNi: <7)^-r ^^-a-^ffiV^:/t^^5l5 0^7" nfl|itm#^^M b 7 
^'v?;^^ (Heterojunction Field Effect Transistor: HFET) fi, Ti^K^:7°(^Ga 
i:. ^G a Ng(D_L(cff^j^$ixji.o K-:?— ^i^i^;5S?3sAD $ tbfc A 1 G a Ng<b <^WL 
, ^A 1 G a NgOilrji'J^— hm^Blx y — ^^ISStJ^ K ^^mi3iJ55sS:ftbtl.-CV^So 
t«e5l50HFET{^J;5 A 1 G a N i G a N cD^-T cr ^-g- Srffl V^ S C t J; •? . IX 
10' V/ c m^StDii;mj^t-*5VNT. fitt-fbT^V 5: - y (AlGaAs) 

ly' 'J ^ -U^ ^) ^ h> (inGaAs) <b <^--7^ D V^fcl H F E T H:-<T . 2 

^±om^3S^^^^-et -So G a Nai;i*5tt5 A 1 G a N@ i (^^ffif^iat^ff^Efe 

2 2>:5cS^:«f;^B{i. a l G a NJlo Kf--^*fB«^<b^rBT6<j{c:g«m:ia®$tL-C5 

«l^J-r5 r h1)^X^^ (DX. HFET (DWm\t^-^'^\^-^it^ h t S$f/.?t&fP#ti^# 5 ^ 



2 

V^sS£tfcbTnM<^^^(*:ei-l^J^^n-CL* 5, tJ^oT, III- Vi^^-fk^^^^^*:*^ b 



3 



j^-r^nnt. ^ 1 0^^f*:Jil^>Pf LT. 9 5 o°Ci^±ao 1 0 5 orJI^ATOlBH 

^^mx^ ^<Dx^ hmmoi^a y h^—mm^i^^ <-r5r ir^^x-tSo 
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1112 (a) ^t;f|2i2 (b) i±:^^m\^m^^mi^mm(Dmm:^m\^m\'^^i^isimitm<D 

0 3 (a) -0 3 (c) {•i:^mm<Dm I oMmMm\^'i^^^^m-i$mw:(Dm:^^:i^^^^^ir 

04 (a) ~04 (d) fi;$:^PJo|| 2 (D^^fe?I^^^;I#5¥^^*:^g©Mit^&^^■r 
X a Hi ® «l ^ 0 1? 5 o 

0 1 (a) Rumi (b) 7^^0^(C'0^si|i^f*:gg®(DM3t;^?it-fflv^S3l*R^-fb:& 

<D - ^ ^ -r X a Hi <^ iff ffi til fife 0 -e & 5 o 

*-r^ 0 1 (a) IC^-Tipd, *#t^Jl^+iRfefi?£ (MOVPE?£) Xf4^^^lft^t° 
:J'=3f-;yfe (MB E&) ^fflV^T, mm^^^ 3 /x mOG a lit, I^J?:^?^ 2 8 nmCO 
A 1 G a Nji 1 2 <b (0^-li:-f) _h(c: j^gg $ -fr. Ill- V b 5 ^ 

sii^ 1 3 ^m^m\cmf^-r^o r r a i g a ns i 2 oa 1 Nm^^fi^ 0 . 25 x-fe 

^ 0 

^tc. 01 (b) (i^-Ti^J-. ^'fbi^lDll 1 3 ;05ff^fife$ti-fc^*f*|»JitSitf*:^^^ 

:^:^m(Dmti^^mn.i^^xL. mmit\±wmn.<DM.m^m 1 0 0 o°c\cmni\^xm2m 

m\:it>fc^xm^m^nOo r^tc^ip, ^'fb<5p:^l«i 3fi^^lii4#IS^{::J: f^^aiRiJ^^ 

^j^'fk^^X-Cv'y ri^/^-fbli^l 3 Ai:/i5o ^fc. A 1 G a N« 1 2 IdjoftS^-fk^^mi^ 
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1 3 J;oT^i^p|^Tv^/iv^^^^[c*5v^-ct>^ mit\^w^m^\^^^M^m^>hmit%:^n 

, f^^tOfSl^t-ix V =1 :^-^*A 1 G a 1 2 A J; 9 tiT^IIl-v^y => j^fc v^ 5 
;0^^G a 1 1 =' >-^^A 1 G a N® 1 2 A b 6 n i^'— 1^ 

jsfet^ay^b^c^ v'- bfe^^ffl^-rs/cfetc. mi (b) {^i^-rxm^^m. 

iO^l-a-V^^^V^TVy ^^g^ikl^l 3 A^I^^U. ixy ^t^-^^A 1 G a Nil 1 2 A<D 



^ mit^m\'^x^xmit^mm: i 3 (Dixy =1 i^t^i^v =^ ^'-^wa 1 g a 1 2 a 

^iioTG a 1 1 {;i:tT'PJitLTV>5<^-efcnf^s G a N® 1 1 y = ^'^^A 1 

G a Njf 1 2 A ircZ^-^T^n^-a-O^ffi-f^ifil^ff^fife^tbS 2 55>:^S^^;tf ;^ if i£t5:$tbfc 



(Dmm%:Mx.^w^i'i^itv^i:\f^^ tf)mm^titzo a i g a nji 1 2(^1^/?^^^ 

2 8 nm^»V^r i:. ^jk^ill^ 1 3<Di^V A 1 G a NS 1 2 lC*5 

— l^^a<D^. A 1 G a N@ 1 2 CO;^" 5 m^lc^ hjgiit^?l"J^ L/cIS 

1 SCD^yV^^l^t^AlGaNMl 2 (^^ffi^iSlCtetJ: $ G a N@ 1 1 tO^® frigid 
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mMmcDrnmnm i o o o°c\zmhin-r. 9 5 ox:£k±x'K-^ 105 ox:skT(o 

1212 (a) 5.1^^1212 (b) fi. ;^^P^{;l#S^^^^*:^e(OM3t;^^£^-fflv^5^4l^^'^k& 
0 2 (a) S.tJ?|ll2 ih) \^7f:'rmiRmtmXii. A\ G aNMl 2(0±\:i. G aNtl^ 

*-f. I2I2 (a) t::;T^-t- J; 5 Iw. MO V P Ei£XfiMB E ffi^ffl V^T^ G a N® 1 1. 
A 1 G a NB 1 2;R.tJ^G a N b S =3f- ^ 5, 2 1 (m^-tiri") ±{-fife:g:$*. 

:i!f;^^(D^'fktt#ffl^{-SAt, mm^t\^^m%(om.m^m 1 o o o'ciciigfifib-c*«j2i^ 

in 1 3 y =1 ^t^Um^t^X^^ y =3 :/^*A 1 G a NS 1 2 ARXJ^'>V =1 ^-^*=3f.^ 

:^mm\^m\^ ^ t . a i g a nji i 2c^±i^g a n-^^^^^:^^^ y-fm 

2 1 i)m\'fhflX\^X-h. m^MKii^X^^ yym2 1 (Dm^:^\^<D^i^^^^f^^X 
y 3 ^;65^t!i:$n6;55^ AlGa Nil 1 2 (D±gPiC*3V^T V =• ^-Ofctfe^M* it "T 5 fcfe 
. AlGaN®12it) t3Tffl!ll-*5tt2)m^6^#til-t±^*#^-^X.7'£V^o 

'^^fe. ^-Y S/:?*;! 2 1 ^tH^-r-SWiN-tt. G a Nl^lSbtL-f ^ G a N^^fig^^ -refill 

(DIU-Ym^^tm^m^i^xh^xi^^ a i g a n® i 2\cx^Xiy]) 3 volEtSf^ESit-e 
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mm^i^m^iS^^X. ±^{;:A1 CaNJSl 2^^tt. S^/S^ 9 5 0'CJ^±-CJ.o1 o 5 o 
i^^mi 4 ^MNF^{c?f0R!ti-5 w i:^s-e^ SOtc^jpxT. A 1 G a NS 1 2 ^ ® ^i" ifi Ic: 

m 1 (ommwm) 

HI 3 (a) -ma (c) i-i^?^m<D$^i(Dmmmm\^w^^^mi^mw:(omi^:i7m<Dx.u 

^-f^ la 3 (a) {i^i-J; -1^7 T-Y TXttj^^t:3ll^ (s i c) ;5^b/.f5S^3 1 

(D±\C^ MO V P EfeXfiMB E&^fflV^T, A 1 NH 3 2 . Kifi^JSj^ 3 m mt?T K — 
7°<DG a NJi 3 3. III/?;55j^5 nm<D^l (^T:/ :/A 1 G a Ng 3 4, l^/fl^Sj^ 2 0 
nmOnMAlGaNJi3 5RXJ^m}¥i)^B3 nm(Om2 (DT 1^ K— >^A 1 G a Nil 3 6 ^ 

P-tS i 5 {-> 2 0 0 nmO-^y ^ b S^lbi^SI)^ 3 8 ^^^fi^Jt-JF^fig-r 

Cr-e. nMA 1 G a 3 5 nm.^m^ t VX^k^tm 4 X 1 0 " c la-^ (Di^ V 

>'^S^:ftn $;JlTV^5o :^fc. ^l(DT^F — ^AlGaNg34, nMAlGaNgS 
5S.t;«^2 (^r:/ K~:/A 1 G a Ng 3 6 (SIT, A 1 G a N;5^6>/,e5 300^^ 
flsgSrA 1 G a Ng 3 7 <D A 1 Ni^^fi*^ 0 . 2 5-efc-5o 

5 ^ffl V^T t J: 

HIS (b) mit^mm3 8mm^fiti^^mp^mmmmi^%:m.m 

^i^^*:iigtS3g^^ici3(t6^'fk^ii)ii3 8{cx^xmiorix\^^fj:\^^mmtmmm^>^ 
mit^i^x. ui-Ymmit<^^^mi^(Dm'it<!^f)>ib^j:^m'f-^7^mmm^^3 9^mj^^ti?)o 
i^ti. mitumm3 8\^mi:>ritzmmxn. ai GaNg3 7(D^ffi(;i^'ft:^ifii^3 s^s^ 
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v^y 3 :/>5Sfet^[^i^fci^ y =1 >-&^A 1 G a NJi 3 6 A,b/.^5„ 

wwl?. fiS/i^J^ 1 0 0 0'COf|*i*0;a<S:ff 5 w ,t J: 19 , 9 0 0 'CcDHJi^aS tb 

liJclc:. mz (c) l^;^-rJ: p f^^tSJ^ J: ?F^fiK$tbfcv' y =i ^^^^lil^ 3 8 A^7 5/ 
^.h5g®?<!: ©^l-a-^K^fflV^Tl^* Lfc^. ^y^;V (N i ) Xfi^-^^ l> A (Pd) 

fs^^^-vmmA 0 (Ti) ^^tKT/i^^ ^^'^i. (A 1 ) fim^^m. 
4 1 :ru« Ki--r y'mmA 2 ^ji^^-rsxi^T-fi, ^aS/S^ 5 0 o'xz^^.-^k^ 9 0 otj^Jtr 

J-v ft;*^ Kl^^ ^'SjjiL^^ 5 0 0 mA/mm~ 9 0 0 mA/mmS^-C\ :S;'^115: =1 ^ ^ 
0 0 O'Clilpffi bfc^^tc. hJS^cDiitfi*^ 5 X l O'^Q cm* "Cfc 

t.ti. G a 3 3 <t A 1 G a NJS 3 7 i ^7)^7^a^■a'fl|it^-*5V^T. ^X— >fe^<D{iS 
fij^4 0 0 Q/D-Cfe 0 , t«e*0 9 0 Ot:-eo|Ki^a!Si:lRl1tOffii:J^Ct). iiJfi(^l^«!iSl- 

^Lxmmit^rfi^^\'^m^<oi^mi^mm\^^^^x . ^i^^^ ^ hjg*n:fitje*<D9 o cc© 

fft $0; S ^ 9 m i } 5 { ^ m - -e o fc. 
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5 CCO^-a-t-O. 9 5eV. 1 0 0 0'C(7)»-a>(c: 0 . 8 e V V^ 9 b^/Co - 

^i^mit^Mf^ 3 8 f)>^<D-y]) 3 XDmntmMX^ts^\r^h(D(DA 1 G a NM 3 8 O^B# 

aNli33,l;AlGa N® 3 7 i n ^-a-^it ^ JF^fig LTV^5^S^ A 1 G a N b ^.^ 

I nG a N b J'.f ¥^f*:iS <b <^--X n g|-a-«^T'fe o T ± i!#{z:G a 
N®±J-. I nllJJfe^S^ 5 %g«-t?^@>te^t^^a^O I n G a Njl^?F0R5c LTtj> ^^Sa^tt^i 

^/c, ^ 1 <D5e^fe?^^«(c:*3V^T. ^^^^^ISIitliatflsc^ftilifiA 1 G a N« 3 7 t^Pfib 
n'^^V^„.|2I2 (a) Rrjm2 (b) ^fflV^TlftB^ Lfc#^^Pillc:. AlGaN«3 70 

JitclG a N;i^b^=?5=¥^ -y^'Ji^J^iSttbttXV^-Cti j;V\ r (7) J; 5 t-i" 5 <t . =3r -Y s/ 
^fflV^Ty";^^g^$r^SM-r5^c^^0^^t^#btt5o ^©#'a'^-*5V^Tt3^ AlGaN 

(m 2 (ommmm) 

124 (a) ~i2i4 (d) tt. ^^m<om 2 (DmmMm\^^^¥^mi¥mm<^wi:j^:^m(Dx. 
ignH ® ^ ffi tif )5g la -e fo 5 o 

^-f . 1214 (a) ir^-r J: 5 1-. m 2 (5:)^Sfe?F^M<b[Rl^{^ LT. mm 3 1 OJni^^A 1 N 
g32i:, GaN®33i;. ^ 1 (^) T K — :/ A 1 G a . n M A 1 G a t;^^ 2 

OT^ K — 7°A 1 G a NJi^i^'b'teS A 1 G a 3 7 ^Wll^fea® LT. III-Vl^M<b«^^ 

j*^ 2 0 0 nmO^^U ^^^^i^b^ieS^'fk^ttJ^S 8 ^^^Wl:iff^fiK-t-So ilV^T. ff^fiSc L 
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7X\^. 1214 (b) ^c^-rJ;9^-^ m2(Di^]) =ii^m5 3 ^-^t.^ t \^x^ y^mtyy 

1214 (c) ^ ^*ft:|iJitlligflc<^?a«d5*^ 1 0 0 ot:<^)^<bi4#ls 

\^ion^m2(D>^V va^S 3 KX'oXmi^^X\^^ts:\^^'m^^^^MM^^hmit^^X. II 
l-vi^^>ft:i^^^^*:o^'fi^i^;i»>b/£5*-7-:9-^*6^l^5 4;55jf^Efe^ix5o ^:^c. m2(Dv^ 

, A 1 G a NJi 3 7 <D±^(C^^ U =r >-g-*A 1 G a NiS 3 7 a Jf^j^fe $ 5 o 

m^. 1114 (d) {vi^-r i 5 i^iasfc io-cff^Efe^ixfcv-y 3 ^^<b)^5 3 A. 

y 3 Wfci-a-'^I^S 2;S.t;'mi <^i^y =>l^5 l ^-i^^E-iy hrciy^Vi/lC ioXWi^l^^i- 
So ^<^)^. ?SH4M^l-*5(tSi/y i^^^^A 1 G a N« 3 7 a ;5Sff^^$^^TV^/iV^'gH^ 
ICl-^"— 5 5 ^ff0fi5ci-6 <t ^> y 3 ^-^^A 1 G a Ng 3 7 f^j^ ^ tb/cfj^ t;i 

m^-t^:^ ti>^x^ Mci^^K. m2(Dmmmm\^m^^mi*^mmi\^id\,^x. i^a^v 
^mm(Dm^nmi eYxh^ . rnKDmrnwrn^ttt^xmo. 2 ev^^fz:i-f\^±^^x 

^mmtK^xmrn-t^o ttz.. m2(Di^^) ^i^ms z\t. y3^>'\\i^mm:5 2tmi\:.'y 
y ^i^(Dmmn<o:h-\^x.y)m^^^x\^^m'^\^. mit\^^m%^^^-r^mm:ff:^ii^'y 
y :3 ^-fk-g^ijfedii 5 2^m^xm\^mwm\:.^^^(o^V5±-r^fz.t><D^mmt x^xmm 
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biX-f. A 1 G a NJi 3 7 (D±{:iG a Nd>^/^ bttTV^Tt) J:V^o ^ 

:Lt^m±x^ 
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mm^ 1 (D^mi^mKMvx. m.mt^ 9 5 ox:&,±ko 105 o'csxr(omm\^mm 

$ n fc ^ -f k 14 # H ^ t - *3 V ^ T ^ S ^ 5 X a ^; It M X. -C V ^ S o 

mU'^^mit-r^j^.ut^ mfd.^mmf)^h-rm\^'yv ='>^iiim-r^Jiut^^tso 

o 

7. ^ V — i=.4(D^^ft:^eoMi£;^ffi{-*5V^T, 
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S o 



